Summary. Mouse 
Introduction
Methods have recently been developed for the separation of testicular cells into fractions enriched in specific cell types; for example, fractions containing pachytene spermatocytes, round spermatids, and elongated spermatids in over 80 % purity have been obtained by velocity sedimentation (Meis¬ trich, 1976) . Such fractions are proving to be extremely useful for elucidating the biochemical changes which occur in the various cell types during spermatogenesis (Vernon, Go & Fritz, 1971 ;  Lee & Dixon, 1973; Letts, Meistrich, Bruce & Schachter, 1974; Sanborn, Steinberger, Meistrich & Steinberger, 1975) . However, the integrity of testicular cells in single-cell suspensions has been questioned, particularly since germinal cells are interconnected by cytoplasmic bridges (Dym & Fawcett, 1971) which must be broken during the preparation of suspensions. In addition, degeneration could occur during the time required for separation, or damage could be produced by the stresses involved in separation pro¬ cedures.
Other studies have already shown that most cell membranes are functionally intact (Meistrich, 1972) , macromolecular synthesis continues relatively normally (Meistrich, 1972) and certain bio¬ chemical properties ofthe cells are unaltered (Letts et al., 1974; Platzef /., 1975) . In the present study, we have analysed the integrity of isolated and separated testicular cells by electron microscopy which is a sensitive method for detecting cell degeneration.
Materials and Methods
Animals. The male mice used were of the inbred C3Hf/Bu strain, maintained in a specific pathogenfree colony, and were 9-12 weeks of age and with an average body weight of 30 g. Testicular tissue was used immediately after killing the animals by cervical dislocation. Preparation of cell suspensions. These were prepared by the trypsin method employing crude trypsin and DNase in phosphate-buffered saline (PBS) containing 0-1 % glucose as described pre¬ viously (Meistrich, 1972 (Meistrich, ,1976 . In the early Staput-separation experiments, cells were used without centrifugation, but in later experiments the cells were first centrifuged at 500 g for 15 min and resuspended in PBS containing 0-02 mg crude DNase/ml. For elutriator-separation experiments, the cells were centrifuged and resuspended in PBS containing a trypsin inhibitor (Code SI : Worthington Biochemical Corporation, Freehold, New Jersey) and the dipotassium salt of 2-naphthol-6,8-disulphonic acid (Eastman Chemicals, Rochester, New York) as described by Platz et al. (1975) . Cells were fixed immediately after preparation (Group I), were held in 2% BSA at 4°C for 4 h and then fixed (Group II), or were separated as described below and then fixed (see ).
Separation of testicular cells
Staput method. The Staput technique of velocity sedimentation at unit gravity (Miller & Phillips, 1969; Lam, Furrer & Bruce, 1970) was used with a 1-4% non-linear gradient of bovine serum albumin (BSA) (Platz et ai, 1975) . Cells were allowed to sediment for 4 h before unloading the chamber. Several fractions were pooled and concentrated for each sample for electron microscopy, and the pooled fractions were designated A, B, D, G, H, I and so that the cellular composition would most closely conform to that of the fractions obtained by Meistrich et al. (1973) .
Centrifugal elutriation. Separation by centrifugal elutriation in the JE-6 Elutriator Rotor (Beckman Instruments, Palo Alto, California) was essentially as described previously (Grabske, Lake, Gledhill & Meistrich, 1975) except that 5 mM-naphthol disulphonic acid was included in the buffer solution. Also, before elutriation, cell suspensions were filtered through 25 pm nylon mesh to remove any large clumps of cells or other debris. The range of sedimentation rates included in each fraction was wider than in the previous study by Grabske et ai (1975) , thus accounting for lower cell purity. The fraction containing cells with sedimentation rates between 4-5 and 10-4 mm/h was designated Fraction 5 because it was similar to the fraction ofthat number obtained by Grabske et ai (1975) .
Differential counts of cells infractions. Smears of the cells in each fraction were prepared and stained with periodic acid-Schiff-haematoxylin as described by Meistrich et ai (1973) (Millonig, 1961) . Samples were then washed twice in phosphate buffer, post-fixed for 1 h in phosphate-buffered I % osmium tetroxide, washed in distilled water and rapidly dehydrated by centrifugation and resuspension through a graded series of ethanol. Samples were then centrifuged and resuspended for infiltration, centrifuged into a pellet and embedded in a low viscosity medium (Spurr, 1969) . Thick sections (2 pm) were cut with glass knives, stained with Azure II-methylene blue (Richardson, Jarett & Finke, 1960) and observed under the light microscope. Blocks were further trimmed to specified areas and thin sections were cut on a Porter-Blum MT-2 ultramicrotome with a Dupont diamond knife and stained on 200-mesh copper grids with saturated uranyl acetate in 50 % ethanol and lead citrate (Reynolds, 1963) according to the method of Mollenhauer (1974) . All grids were observed in a Philips EM 300 electron microscope at an accelerating voltage of 60 Kv.
Testicular cells in situ. Testes were prepared by removing the tunica albugínea, dicing with a sharp scalpel in phosphate-buffered 3 % glutaraldehyde, and processing for electron microscopy as des¬ cribed above. The stages of spermatogenesis defined by Oakberg (1956) were identified in thick sections of tissue blocks. Blocks were then trimmed to particular areas of seminiferous tubules that contained specific types of germinal cells, and thin sections were stained and examined.
Results and Discussion Sertoli cells
In a Sertoli cell in situ (PL 1, Fig. 1 Step 9-10 spermatids composed 2% of the fraction, 14,400. (PI. 1, Fig. 2) , the endoplasmic reticulum membranes were in the form of cisternae, and a very large lipid droplet and large vacuoles (some with partly degraded internal contents) were present in the cytoplasm.
It is clear that Sertoli cells are adversely affected by the dissociation procedure because many of these cells in the initial control suspensions appeared necrotic and degenerate. The cells observed from Staput Fraction A showed more nearly normal morphology, perhaps because they had been selected on the basis of their higher sedimentation rates (Meistrich, 1972) . The large cytoplasmic vacuoles in these cells may have been produced by the dissociation procedure or, judging from their contents, may be secondary lysosomes. The endoplasmic reticulum in some mouse Sertoli cells is normally vacuolated. However, in others it is non-vacuolated. A difference in physiological state between these two types of Sertoli cells has been suggested by Kierszenbaum (1974) . It Fig. 6 ) showed that chromosomes with unpaired axial filaments were present in the nucleus which was surrounded by a thin rim of cytoplasm containing clusters of polyribosomal units. The ultrastructural integrity of the fractionated leptotene spermatocytes was the same as that of the tissue controls.
In the tissue control, mid-pachytene cells from a stage V seminiferous tubule showed normal autosomal synaptonemal complexes, mitochondria which were normally vacuolated and clumped around a granular cytoplasmic substance and endoplasmic reticular membranes which were generally in the form of long cisternae orientated around the nucleus (PI. 2, Fig. 7 Fig. 9 ) and a cell from Staput Fraction B-2 (PI. 3, Fig. 10 ) was comparable.
In general, primary spermatocytes do not appear to be adversely affected by dissociation from the seminiferous epithelium nor by subsequent separation in BSA by the Staput method. In one experi¬ ment, however, in which the cells were not centrifuged before the fractionation, some mid-and late pachytene spermatocytes from Staput Fraction displayed abnormalities of the membranes of the endoplasmic reticulum and nuclear envelope. It is possible that the abnormalities represent an artefact of fixation of this particular sample, but we cannot exclude the possibility that spermatocytes may be damaged by dissociation techniques used in this experiment.
Spermatids
Multinucleated cells were produced during the dissociation of cells from seminiferous tubules. Multinucleated round spermatids appeared in the Staput (PI. 3, Fig. 11 ) andelutriator(Pl. 3, Fig. 12 ) fractions. Cytoplasmic vacuoles adjacent to the plasma membrane also appeared in a similar location in multinucleated spermatids from unfractionated control suspensions (Groups I and II), but they were not found in round spermatids or in the tissue control.
Uninucleate spermatids in various stages of development were also examined.
Step 2 spermatids displayed normal ultrastructure (PI. 3, Figs 13 and 14) with the exception of occasional cytoplasmic vacuoles adjacent to the plasma membrane as described above. The mitochondria were typically vacuolated, sometimes containing a membranous vesicle similar to those shown by Dooher & Bennett (1973) .
Unlike that in the tissue control (PI. 4, Fig. 15 ), isolated round spermatids occasionally contained 'nuclear vacuoles' of spherical shape, reduced granularity and reduced electron density (PI. 4, Fig.  16 ). These vacuoles were observed in close association with dense bodies and nucleolar-like bodies in 15-20% of early to mid-spermatids which were fractionated by the Staput method. These regions of low electron density were also found in the GroupII suspensions but not in theGroupI suspensions or in the tissue controls. This result indicates that the nuclear damage was due to the storage of the cells rather than the preparation.
The morphology of step 9 spermatids from Staput Fraction G (PI. 4, Fig. 18 ) was similar to that of tissue control spermatids (PI. 4, Fig. 17 Romrell, Bellvé & Fawcett (1976) did not report either of the above-mentioned spermatid abnormalities: the only difference in their methods which could account for such better preservation was the use of a more enriched buffer solution in the preparation of the cell suspensions and in cell separation.
Step 11 spermatids in the control tissue (PI. 5, Fig. 20 ) and Staput Fraction G (PI. 5, Fig. 21 ) were very similar and identical to similar spermatids of the same step of maturation from the Group I and II suspensions. In the isolated cells, the cisternae of the endoplasmic reticulum were sometimes more swollen than in the tissue control cells.
The ultrastructure of step 13 spermatids in the isolated cell preparations (PI. 5, Fig. 23 ) was similar to that in the control tissue (PI. 5, Fig. 22 ), except that the nucleus was displaced to the periphery of the cytoplasm, which had become rounded.
Beginning at step 8 of spermiogenesis, the nucleus and acrosome of the spermatid are invested by the Sertoli cell while the bulk of the cytoplasm is displaced caudally. Structures within the Sertoli cell may influence the overall distribution of spermatid cytoplasm in later spermatogenic stages (Fawcett, 1975; Dooher & Bennett, 1973) . The roundness of the isolated cells probably results from the disruption of the Sertoli cell-spermatid relationship by the cell-dissociation procedures, thereby removing any influence that Sertoli cells might exert on the spatial distribution of cytoplasm in elongating spermatids.
Some isolated spermatids (step 15) displayed normal nuclear, acrosomal and midpiece ultrastructure (PI. 5, Fig. 25 ) compared with that of spermatids fixed in situ (PI. 5, Fig. 24 ). The cellular debris found adjacent to some spermatids may have been caused by damage to cells during concen¬ tration and pelleting or have been present in the initial suspension and sedimented with the late spermatids, as were small cytoplasmic fragments (PI. 5, Fig. 25 Fig. 26 ), lack of cytoplasmic matrix in the midpiece (PI. 6, Fig. 27 ), and the appearance of isolated mitochondria (PI. 6, Fig. 27 ). Intact and disrupted elongated spermatids or spermatozoa were also found in unfractionated whole-cell suspensions (Groups I and II). Fig. 30 ). The cytoplasmic fragments present in cell suspensions are probably generated from elongating and elongated spermatids by the stresses produced during the cell-dissocia¬ tion steps (Meistrich, 1973) , as these fragments (PI. 6, Fig. 30) show a great deal of ultrastructural similarity to the cytoplasm which undergoes caudal displacement in maturing spermatids.
Conclusions Waymouth (1974) suggested that cells are most susceptible to stresses encountered in the initial celldissociation procedures, and our present observations support this proposal. When (Platz et ai, 1975) .
